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conductor and transparent top electrode to expose a portion of strote is chemically etched to microscopically roughen thethe electrically conductive metal substrate The exposed surface. Ttis is followed by depositing an initial metal layermetal serves as a contact area for interconnecting adjacent by chemical reduction (typically referred to as "electrolesscells. These material removal techniques are troublesome for plating"). This initial metal layerisnormally copperornickela nimber of reasons. First, many of the chemical elements a of thickness typically one-half sicrometer. The objectis theninvolved in the best photovoltaic semiconductors are expen- electroplated with metals such as brightnickel and chromiumsive and environmentally sfiriendly This removal subse- to aclieve tle desired ltickness and decorative effects. Theqntto controlled deposition involves containent, dust and process is very sensitive to processing variables used to lhb-dirt collection and disposal, and possible cell contamination o ricate the plastic substrate, limiting applications to carefillyFis is not only wasteltl but considerably adds to expense. ta molded parts and designs. In addition, the many stepsSecondly, the removal processes are difficult to control employing harsh chemicals make the process intrinsicallydimensionally. Thas a significant amount of the valuable costly and envirotsttentally difficult. Finally, theseositivity ofphotovoltaic semiconductor is lost to the removal process. ABS plastic to liquid hydrocarbons has prevented cerainUltimate module efficiencies are ftirthercompromised in that applications. The conventional technology for electroplatingthe spacing between adjacent cells grows, thereby reducing 15 o plastic (etching, chemical reduction, olectroplating) hasthe efactive active collector area for a given module area, been extensively documented and discussed in the public andThutts titere rettaiss a need for an inexpensive manufactir- costernercial literature See, for example, Saubestre, Trntsac-ing process which allows high seat treatment lor thin filn tions of the Institute of Metal Fitnishlng, 1969, Vol. 47., orphotovoltaic junctions while also offering unique miens to Arcilesi et al., Products Pidshing, March 1984.achieve effective intcegrated series connections 20 A number of attenpts have been stade to simplify theA iurther unsolved problem which has thwarted prodc- electroplasing of plastics, If successful such efforts couldtion of expansive surface pholovoltaic modules is that of result in significant cost reductions far electroplated plasticscollecting the photogenerated current from the top, light ini- and could allow facile continuous electroplating ofplastirs todent surface. Transparent conductive oxide ('CO) layers be practically employed, titos permiting new applications.have been employed as a top surface electrode. However, 25 Some simplification attempts involve special chemical tech-these ICO layers ore relatively resistive compared to pure niques, other than conventional electroless metal deposition,metaIls Thisfac forces individual cell widthstobereduceditn to produce an electrically conductive film o the s-rface.order to prevent nacceptable resistive power losses. As cell typical examples of the approach are taught by U.S. Pat. No.widths decrease, she width of the area between individual 3,523,875 to Mittklei, U.S.Pat. No.3,682,786toBrownet al,
cells (interconiect area) should also decrease so that tie 30 and U.S. Pat. No. 3,619,382 to Lapinski. The elecsricallyrelative portion of inactive surface of the interconnect area conductive surface bilm produced was intended to be electro-does not becosme excessive. Typical cell widths of one ceni plated. Multiple performance problems thwarted these
siter are often taught in the art. lhese sitall cell widths attempts.demand very fine interconnect area widths, which dictate Other approaches contemplate making tile plastic surface

delicate and sensitive techniques to be used to electrically 35 itself conductive enough to allow it to be electroplatedconnect the top ICO sirface of one cell to the botom elec- directly thereby avoiding the 'electroless plaing" or lamina-trode of an adjacent series connected cell. Frthenoor, tion processes. Efforts have been made to advance systemsachieving good stable olmnic contact to the TCO cell surface contemplating metal electrodeposition directly onto te sUr-has proven dilicul, especially wen one employs those sen- lace of polymers made conductive tlhrough incorporatingsitive techniquties available when using the TCC only as the 40 conductive fillers. Wien considering polymers rendered elec-top collector electrode. Iihe problem ofcollecting photovol trically conductive by loading with electrically conductivetatc generated crrent from tle top light impingbing surface of fillers, it may be important to distinguish between "micro-a pholsvolaic cell has been addressed in a nuotber of ways, scopic resistivity" and "bulk" or macroscopic resistivity".
none ensirely successful. "Microscopic resistivity" refers ioa characteristic Ofa poly-In a somewhat reitoved segment of technology, a number 45 ster filler mix considered at a relatively small linear dinon-ol electrically conductive fillers hive been used to produce soe of for example I sicroneter or less. "Bulk" or "nacno-electrically conductive polymeric materials. 'this teclmology scopic resistivity" refers to a characteristic determined over
generally involves mixing of the condctive filler into the larger linear dimensions. ho illustrate the difference betweenpolyier rosin prior to fabrication of the staterial into its final "microscopic" and "bulk, macroscopic" resistivities, one canshape Conductive fillers typicallyconsist of high aspect ratio 5o consider a polymer loaded with conductive fibers at a fiberparticles sach as ieal fibers, metal flakes, or highly strn- loading of 10 weight percent. Such a material might slow atured carbon blacks, with the choice based on a ntmber of low "bulk, macroscopic"resisivity when themeasurenent iscost/perrtmance considerations. Electrically conductive made over a relatively large distance. However, because ofresins have been used as bulk thrnsoplasic compositions, or fiber separation (holes) such a composite might not exhibitforiutated into points Their development has been spurred 55 consistent "microscopic" resistivity. When producing anin Iarge part by electromagnetic radiation shielding and static electrically conductive polymer intended to he electroplated,discharge reqairements for plastic components used in the one should consider "microscopic resistivity" in order toelectronics industry. Other known applications include resis- achieve uniform, "hole-free" deposit coverage. Thus, it maytive heating fibers and battery components, be advantageous to consider conductive fillers comprising

In yet another separate technsological segsoent, electroplat- 0 those that are relatively small, but with loadings sufficient toisg on plastic substrates has been employed to achieve deco- supply the required conductive contacting Such fillersrative effects on items such as knobs, cosmetic closures, include metal powders imd flake, metal coated mica orfancets, and auitomotive trio ABS (acrylonitrilo butidiene- spheres, conductive carbon black, conductive naooparticlestyrene) plastic dominasos is the substrate of choice for most materials, subdivided conductive polymers and ie like.applications because of a blend of stecfianical and process 65 Efforts to produce electrically conductive polymers suit-propersios and ability o be unilormly etched. The overilI able for direct electroplating have encountered a number ofplaiing process comprises miany steps. First, lte plassic sub- obstacles. The First is the combination of fabrication difficulty
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and material property deterioration brought about by the age may result from lateral growth over tire surface, with a
heavy filler loadings olien required. A second is the high cost sigtiiciant portion oftie electrodeposition curreist, iIcludiog
of macy conductive fillers employed such as silver flake that associated with the lateral electrodeposit growth, passing
Another obstacle involved in the electroplating of elecTri- through the previously electrodeposited metal. This restricts

cally conductive polymers is a consideration of adhesion 5 tire size and "growthf lenguh" of the substrate conductive pat-
between the clectoadeposited metal and polymeric substrate tren, increases plating costs, and cn also result in large non-
(matal/polymer adhesion). In some cases such as electro- usiformities in ellerodepositintegrity and thickress overthe
Forming, where tbe electrodeposited metal is eventually pattern.
removed from the susbstrate, metal/polymer adhesion may Rates of this lateral growth likely depend an the ability of
actually be detrimental. However, in most cases sufficient ro the substrate to convey current. Thus, the thickness and ress-
adhesion is required to prevent metal/polyser separation dr- tivity of the initial conductive substrate can be defining fic-
ing extended enviro nental and use cycles, tots in the ability to achieve satisfactory electrodeposit cov-

A number o methods to ethance adhesion have been eraga rates. When dealing with extended electroplated
erployed For esaople, etching of the surface prior to plating patterns, long narrow tetal traces are often desired, deposited
can be considered IEtcling car often be aclieved by inaner t s ott relatively thin initial conductive'substrates such as printed
sioll In vigorous solitions such as chromic/sulfuric acid. inks. These fbctors of corse work against achieving the
Alternatively, or in addition, an etchable species can be lucor- desired result.
porated solo tie conductive polymeric compound. The etch lis coverage rate problem likely can be characterized by
able species at exposed surfaces is removed by innersion in a continuum, being dependent on many factors such as the
an etchor prior to electroplating Oxidizing surface treat- 2 nature oftheinitially electrodeposited metal, appliedvoltage,
ments cali alo be considered to improve metal/plastic adhe- electroplaing bath chemistry, the nature of the polymeric
sion. "T'hese include processes such as flame or plasma treat- binder and the resistivity of the electrically conductive poly-
nients or iimierion in oxdizing aeids. merie substrate. As a "nile of thumb", the instnt inventor

In the case as conductive polymers containing finely estimates that coverage rate problems would demand attan-
divided metal, one cma propose achieving direct metal-to- 25 tion if the resistivity of the conductive polymeric snbstrate
social adhesion between electrodeposit and filler. However, rose above about 0.001 ohm-cut. Alternatively, electrical cur-
bore the metal particles are genrerilly encapsulared by the rent carrying capacity of thin films is often reported as a
resin binder, often resulting in a resin rich "skin". 'To over- surface resistivity in "ohms per square". Using this measure,
come tas effict, one could propose methods to remove the the inventor estimates that coverage rate issues may demand
"skin", exposing active metal filler to bond to subsequently 3 attention should the surfce resistivity rise above about 0.01
electodeposited ilal. olns per square.

Airother approach to isripart adhesion between conductive Beset with the problems of achieving adhesion and satis-
resin substrates and olectrodeposirs is incorporaion of all factory clectrodeposit coverage rates, irvestigators have
"adhesion promoter" at the surface of the electrically coune- attempted to produce directly electroplateable polymers by
tive resin substrare. 'his approach was taught by Chiin e ca. 3 heavily loading polymers with relatively small conductive
in US. Pat. No 4,278,510 where mualeic anlydride modified filler particles. Fillers include finely divided metal powders
propylen polymers were taught as ar adhesion promoter, and flake, conductive metal oxides and intrinsically conduc-
I uch, in US Pat. No 3,865,699 taught that certain sulfur five polymers. Heavy loadings may be suticient to reduce
hearing chemicals could tuction to improve adhesion of boll microscopic andnracroscopic resistivityto levels where
initially clectrodeposited Group VIII metals. 4D the coverage rate phenomenon may be manageable. How-

An additional major obstacle consfrnting development of ever, attempts to make an acceptable directly electraplateable
electrically cnddveapolyneric resin conmpositions capable resin using the relatively small fillers alone encounter a num-
of being directly electroplated is the initial "bridge" of clec- ber of barriers. First, the fine conductive fillers can be rels-
trodeposit on the surface of the electrically conductive resin, lively expensive The loadings required to achieve the par-
In oloetrodepositian, the substrata to be plated is afleasde us tile so particearieity to ,chive acvceptable conductivity
cathodic through a pressiue cotact to a metal contact tip, increases the cost of tIe polymer/filler blend dramatically.
itself iuder cathodie potential. However, if the contact rests- The fine fillers may bring further problems. They tend to
sance is excessive or the substrate is insufficiently conductive, cause deterioration of the mecheical properties and process-
the electrodeposit current tavors the metal contact and the ing characteristics of many resins. This significantly linits
electrodeposit may have di fficulty bridgieg to the substrate. 50 options in resin selection. All polymer processing is best
The "bridging" problem extends to sibstrates having low achieved by formularing resins with processing cboroteris-
surlface ccrrent carrying capacity such as vacuum merallized tics specifically tailored to the specific process (injection
or electrolessly plaled bls. In some cases, "buming" or molding, extrusion, blow molding, printing, ete.).Arequired
actual "cplating" of very thin metal deposits can be experi- heavy loading of filler severely restricts ability to manipulate
enced during the initial moments of "bridge" formation. 55 processing properties in ttis way. A funrcr problem is that
Moreover, a fbrther problem is encoustered even if spe- metal fillers cas be abrasive to processingmachinery andmay

cialized racking or contacting successfully achieves elec- require specialized screws, barrels, and the like. Finally,
trodeposit bridging to the substrate. Many of the eectrically despite being electrically conductive, a polymer filled with
conductive polymeric resins have resistivities far higher than conductive particles still offers no mechanism to produce
those of typical metcl substrates Also in many cases, soci as 60 adhesion of an electrodeposit since tire particles usay be
the electroplating of conductive ink patterns or thin metal essentialy encapsulated by theresin bander, often resulfingin
films, site conductive mareria may be relatively thin. The a non-condsctive or non-binding resin-rich "skin".
initial conductive substrate can be relatively limited ao the For the above reasons, fine conductive particle containing
amount of electrodeposition current which it alone can con- plastics have not been widely used as bulk substrates fat
vey. In these cases the initial conductive substrate may not 65 directly electroplateable articles. Rather, they have fossd
cover almost insrialy with electrodeposit as is typical with applications in production of conductive adhesives, pastes,
icker metallic substrates. Rather the electrodeposit cover- and inks. Rcrit activity has been reported wherein polymer
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inks heaip loaded with silver particles have been proposed Specificaly for tiepresent invention directly electroplate-as a "seed layer" uponwhich subsequent electrodeposition of able resins, (DER), are characterized by the following fea-
metal is achieved, However, high naterial costs, application tates.complexity, electrodeposit growth rate issues and adhesion (a) presence of an electrically conductive polymer charac-retai with these approaches. In addition, it has been 5 terized by having an electrically conductive surface;reported that thes ilms are typically deposited at a thickness (b) presence of an electrodeposit coverage rate accelerator;olapproxitiately 3 microns resulting in a surtce resistance (c) presence of the electrically conductive polymer char-of approximately 015 olhms per square. Sich low current acterized by having an electrically conductive surfacecaryilg c pacity ints likely would experience the eleciro- and the clectrodeposit coverage rate accelerator in theplatinh problems discussed anovc. 10 directly electroplateable composition in cooperative

amonts required to achieve direct coverage of the com-lic p (potilion with aa eleetrodeposited teal or melf-baeed
ailaie conductive fillers for plastics are carbon blacks iloy.

Typically tile resistivity of a conductive polynier is not lnhis Patents, Luch specifically ideitifiedelastoiters sucreduced below approximately 1 ohm-cm using carbon black 15 as natural rubber, polychloropree, butyl robber, chlorinatedaloie. Ths ill ai tlhinl fill forii at a thichaess of 5 micerns a butyl rubber, polybutadiene nibber, aorylonitrile-butadieneotsure rusltvity would typically be approximately 2,000 rubber, styrele-butadiene rubber etc. as suitable for thechis per square. Attempts have been made to produce dee- matrix polymer of a directly electroplateable resin. Othertrically conductive polyters based on carbon black loading polymers identified by Lch as useful included polyvinyls,intended to be sobsequently electroplated. Examples ofias 20 polyolefins, polystyrenes, polymnides, polyesters and poly-ipproechar theteachingsofU S Pat. Nos. 4,038,042,3,865, urethanes.
699, and 4,27S,510 t. Adeletn, Luch, and Chien et al In his Patents, Loch identified carbon black as a oteans torespectively render a polymer nd its surface electrically conductive. As is

Adeliman taught incorporation of conductive carbon black kown in the art, othercondctive fillers ca be used to impartinto a polymeric matrix to achieve electrical conductivity 2s conductivity to a polymer. These include metallic flakes orrequired for electoplatifng. The substrate was pre-etched in powders such as tose comprising nickel or silver. Otherchrq ic/sul oricacid to achieve adhesion ofthe subsequently fillers such as metal coated minerals and certain metal oxideselectroplated metal. However, tie rates ofecectrodeposit coy- mey also suffice. Furthermore, one might expect that compositions comprising intrinsically conductive polymers may beerage reported by Adeitnan maly be insufficient for ieany t0 suitable.
applications. 

Regarding electrodeposit coverage rate accelerators, bothLuchui U S. Pat No. 3,865,699aodfChienetal inU.. Pat. Loch and Chien ot al. in the above discussed U.S. Patents4,278,510 also chose carbon black as a filler to provide an demonstrated that sulfur and other sndffr bearing taterialscetrctrilly condiuctive surftice fhr the polymeric compounds such as sulfur donors and accelerators served tlis purposeto be electroplated T te Lutc Patent 3,865,699 and the Chien 35 when using an initial Group VIII "strike" layer. One mightPatent 4,278,510 are hereby incorporated in their entirety by expect that other elements of Group 6A nonmetals, such asthis reference I lowecver, these inventors further taught ineli- oxygen, selenium a nd tellrim, couId finction in a waysion ol in electrodeposit coverage or growth rate accelemtor similar to sulfur. In addition, other combinations ofelectrodeto overcome tie galvanic bridging and lateral electrodeposit posited metals and nonnetal coverage rate accelerators maygrowth ito probleos described above. Ac eleetrodcposit 40 be identified. Finally, the electrodeposit coverage rate accel-coverage rate accelerator is an additive flnctioning to erator may not necessarily be a discrete material entity horincrease the electrodeposition coverage rate over and above examople, the coverage rate accelerator may consist ofa fllc-any afltet it m v hove on the conductivity ofan electrically tioa species appended to tle polymeric binder chain or aconductive polyter, in the embodiments, examples and species adsorbedlonto thesurhce ofthe conductive filer, Itisteachgs .i US Pat. No. 3,865,699 aid 4,278,510, it was 45 important to recognize that such an electrodeposit coveragewho ithat cettain sulfor bearing otaterials, ilcluding rate accelerator can be extremely important in order toemiocnia sultr, can fhoctoa as electrodeposit coverage or achieve direct electrodeposition in a practical way onto poly-growlh rate accelerators to overcote those problems associ- rieric substrates having low conduictivity or very thin electri-ited with electrically conductive polymeric substrates having cally conductive polymeric substrates having restricted cur-
relalively hi h resistivity. 5o rent carrying ability.In addition to elem ental sulf r, sulfur in the torm of sulfur As pointed out above in this specification, attempts todonors such as sulfur chloride, 2 mercapto-becraothiazole, dramatically simplify theprocess of electroplatingonplasticsN-cycolxyle-

2
-beizothiaozole sulfonioutide, dibutyl xan- have met with coenmercial difficulties. Nevertheless, the cur-iogen disulfiiie, and teramothyl thiuram dislfide or corn- rent inventor has persisted in personal efforts to overcomebinations o fthcseond sulfur were identified Those skilled in s certain perfornance deficiencies associated with rlectroplatthe art will recognize that these sufur donors are the itaterials ing onto uaterial structures having low ctrrent carrying abil-wich have been used or have been proposed for use as ity, conductive plastics and DER's. Along with these effortsvulcanizing agents or accelerators. Since the polymer-based has come a recognition of unique and eminently suitablecomposilions taught by luch and Chien et al. could be elec applications for electrically condumtive polymers mid oftenroplated directly hey could be accurately defined as directly t0 more specifically the DER technology. Some exnaples ofelectroplateable resins (DPR). These DER materials can be these unique applications for electroplated items include

generally described as electrically conductive polyters char- solar cell electrical current collection grids nd interconnuctacteried by havitg a electrically condtiCive surface with structures, electrical circuits, electrical traces, circuit boards,ihe inclusion ofan electrodeposit coverage rate acceleraor In antemats, capacitors, iiduction heaters, connectors, switches,he loiowing, the acronyin "DE R" will be used mo designate 65 resistors, inductors, batteries, fuel cells, coils, signal lines,a direcily elcetropaleabie resin as defined in this specifica- power lines, raditi on redlectors, coolers, diodes, ran sistors,tin. piezoelecric elements, phouovoltaie cells, erni shields, bio-
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sensre ad nensors Ons' readily racogtties that the demand suitable material choice. DER's can be easily fori,-
for suc ictional applications for electroplated aricles is lated using olefinic materials which are often a preferred
relsatively rcent and has been particlarly explosive during material tor the theenteforming process Furthermore,
the past decade DER's ca be easily and inexpensively extruded into te
Regarding the DER techatelogy, a first recogition is hat 5 sheet like structure necessary for tie therumsfoiing

the "microscopic" material resistivity generally is tot process.
reduced below about I oai-rm, by using conductive carbon (4) Should one desire to electroplate an extruded article or
black alone. This is several orders of magnitude larger than structure, for example a sheet or film, DER's can be
typical mctil resistivities. Other well known finely divided fermulated to possess the necessary melt strength
conductive fillers (such as metal flake or powder, metal coated io advatageous for the extrusion process.
minerals, graphite, or other fartis of conductive carbon) can (5) Should one desire to injection mold an article or stoic-
be considered in DlR applications requiring lower "micro- mure having thin walls, broad surface areas etc a DPR
scopic" resistivity. In these cases the more highdy conductive composition comprising a iigh flow polymer can be
fillers can be considered to aigient or even replace tite con- ctosen
ductive cdabon black. 15 (6) Should one desire to vary adhesion between in elec-
Moreover, rie "bulk, macroscopic" resistivity of condu- trodeposited DER structure supported by a substrate the

rise carbon black filled polymers can be further reduced by DER material can be formulated to supply the required
atgnienting the carbon black filler will additional highly adhesive characteristics to the substrate. For example,
conductive, high aspect ratio fillers such as metal containing thepclymerchosen to fabricatea DERinkcar bchosen
fibers I his can be at important consideration in the sUccess 20 to cooperate with an "ik adhesion promoting" surface
of certain applications such as achievinig lgigher cirrent car- treatment such as a material primer or corona treatment,
rying capacity for a boss. Furthermore, one should realizethat In this regard, it has been observed that it may be advan-

incporanitn oa non-condoctive fillers cay increase the tageos to liitsuch adhesion procoting treatneis toa
"bulk, microscopic" resistivity of conductive polymers single side of the substrate. Treatment of both sides of
loaded with finely divided conductive fillers without signifi- 5 the substrate iv a roll to roll process may adversely affect
ciiily altering the "microscopic resistivity" of the conductive the surface of the DR material and may lead to dete-
Polymer Tlis is at importairtrr recognition regarding DER's in rioration in plateability. For examnple, it has been
that electrodeposit coverage speed depends on the presence of observed that primers on both sides ofa roll ofPE'l film
,n leclrodepsit severage rate acclertorand on the"micro- have adversely affected piateability cfDER inks printed
scoprc resistivity" and less so on tie "macroscopic resistiv- i ot the PET. It is believed that this is due to primer being
ity" of the DR formulation. I ios, large additional loadings transferred to the surface of the DER ink when the PET
of loctioal non-condueive filliet s can be tolerated in DER is rolled up.
formulations witourt undue sacrifice in electrodeposit cover- All polymer fabrication processes require specific resin
age rates orcc adhesion. TIIese additional non-conductive load- processing characteristics for success. The ability to "custom
ings do not really affect the "microscopic resistivity" asso 35 formulate" DER's to comply with these changing processing
ciaed with the polymer/conductive filler/electrodeposit and end use requirements while still allowing facile, quality
coverage rite accelerator "matrix" since the non-condsuctive electroplating is a significant factor in the teachings of the
filer is essentially encapsulated by "matrix" material. Con- current invention. Conventional plastic electroplating tech-
ventioral "electroless" plating technology does not periit nology does not permit great flexibility to "custom forinu-
this compositional fexibility. 4 late".

Yet anthei recgition regarditng the DER technology is esother important recognition regarding the suitability of
its ability to employ polymer resins and formulations gener- DF R's for the teachings of tie coerent invention is the sir-
ally chosen in recogition of the ihbrication process envi- plicity of the electroplating process. Unlike many conven-
sioned and the intended end use requirements. In order to tional electroplated plastics, DER's do not require a signifi-
provide clarity, exacples Isome such fkbricarion processes 45 revt number of proess steps during the manuacturing
are presrited iitrediately below in subpargraphs 1 through process. Tits allows for simplified manfacturing and
6. improved process control. It also reduces the risk of cross(I) Sfrould it be desired to electroplate ai ink, paint, coa- conlarination such as solution dragout from one process bath

ing, or paste which may be printed or formed on a being transported to another process bath The simplified
sbatrat, a good fifn fnrnicg polymer, for example a 50 manufacturing process will also result in reduced manifdc-
soluble resin such as an elastomer, can be chosra to cring costs.
febricatea DER ifk (pain, coatrig, paste etc.). The DER Yet another recognition of the benefit of DIR's for the
ink composition can be tailored for a specific process teachings of the current invention is the ability they offer to
such flexngraphic printing, rotary silk screening, gra- selectively electroplate an article or structure. As will be
vure printing, flow coaring, spraying etc. Frthercre, 55 shown in later erbodiments, itis often desired to electroplate
additives con be enmployed to itoprove the adhesion ci a polymer or polymer-based stnrelure in a selective manner.
the DFR ink to various substrates. One example would DlR's are erinently suitable for such selective electroplat-
be tackifiers. ing.

(2) Should it be desired to electroplate a fabric, a DER ink Yet amother recognition of the benefit of DER's for the
cas be used to coatallo ra portion of the fabric intended 60 teachings ofthe current inventiona is their ability to withstand
to be electroplated. Furthermore, since DER's can be the pre-treatments often required to prepare other niaterias
iabricated out oI the thencoplasic materials commordy for plating. For example, were a DER to be combined with a
used to create fabrics, the fabric itself could completely metal, the DER material would be resistant to rny of the
or partially corprise a DER This would elminatce the pre-treatments such as cleaning which may be necessary to
need to coal tie fabric. s5 electroplate the rcetal.

(3) Should ce desire to elactrphate a thennolarsned Yet .,other recognition of the becefit of DER's for the
aiticeor structure, DER's wouldrepresrit an eniaently teachings of the current invention is that the desired plated
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strictairn of in requires the plating of long and/or broad src- FIG. 3 is a sectional view showing another embodiment of
tace areas As discussed previously, the coverage rate accel- the basic structure depicted in FIG. 2.
ocators incladed in DER formulations allow for such FIG. 4 isa top plan view showing theinitial articledepicted
extended sirfaces to be covered in a relatively rapid mamer in FIG. 1 following an additional processing step.
il s allowing one to consider ihe use of electroplating Of 5 FIG. 5 is a sectional view taken substantially from the
condictive polymers. perspective of lines 5-5 of FIG 4.
These ,aid oiler atnributes of DER's in the practice of ithe FIG. 6 is an exploded sectional view ofthe encircled region

instant invention will become clear tlrough the following of FIG. 5 identified as 6-6.
reniattng specification, accompanying figaues and claims. FIG. 7 is a sectional view of the article of FIGS. 4 tlionglt
in order to eliitinte ambiguity in terminology, for the 1 6, taken from a sinilar perspective of FIG. 5, showing tile

present inveition tle following definitions ire supplied: FIGS. 4 ihrough 6 embodiment following an additional
"Metal-based" retors to a material or stnicture having at optional processing step

least one metallic property and comprising one or more coin- FIG. 8 is an exploded sectional view of the encircled region
ponients at least one of which is a metal or mtal-contrining of FIG. 7 identified as 8-8.
alloy is FI& 9 is a top planview ofa photovoltaic cell useful inthe

"Alloy" ceers to a sibstance composed of two or more practice of the invention.
intiately mixed materials. PIG 10 is a sectinal niew taken substontially fron the
"Groop VIII metal based" refers to a substance containing perspective of lines 10-i of PIG. 9.

by weight 50% to 100% metal Irom Group VIII of the Pert- PIG. 11 iron enploded sectional view showingthe detail of
odic Ta, ble .! ]Elements 21 I.1 salepoe etinlve hwn h ealondicloae e trrfhma:Irea a ha structora identified as layers 70 and 86 in FIG. 1f.
its a srfice that ca be exposed to an electroplating process FIG. 12 is a simplified depiction of one form of process
to caIof thes urface to cover with electrodeposited material possible in the manulicture of the article embodied in FIGS

9 and 10(.
G0P1i cC-S OF THE INVENUION 21 FIG. 13 is a sectional view showing one embodiment ofan

arrangement appropriate to combine the articles of FIG. 7
An object ofithe ivention is to elimiiatethedeficienicies in with the article of FIGS. 9 and 10 to achieve a series inter-

ile prior art methods ot producing expansive area, series cotmected photovoltaic assembly.
interconnected photovoltaic arrays.

A Iirther object of the present invention is to provide 3a DESCRIPTION OF PREFRRED
improved processes whereby expansive area, intercotmected EMBODIMENTS
photovoltaic arrays cm b econorically mass produced.

A frther obect of the invention is to provide improved Reference will now be made in detail to the preferred
pl ocesses -lnd srrcitines for supplying current collector grids embodiments of the invention, examples of which ore illns-
and iniercainnction siwttues trated in the accompanying drawings. In the drnwings, like
Oter obj cts ,nd dadia ages will become apparet in light reference numerals designate identical orcorresponding parts

otire lollowing description taken in conjunction with the throughout several views and ati additional letter designation
drawintg atd eitbodiments. is characteristic of a particular embodiment.

Referring now to FIGS. I thtrough 3, there are shown
SUMMARY OF flIE INVENIION a entbodiimeitts of a starting structure for a grid/intercoonect

article of the invention. FIG. 1 is a top plan view of a poly-
I lie ctrrii invention provides a solution to the stated need inric film or glass article generally identified by neral 10.

by producing the active photovoltaic film and interconecting Article 10 has width X-10 and length Y-10. Length Y-I0 is
strtore separately and subsequently combining them to pro- sometimes much greater the width X-1 0 such that article 10
duce the desired expansive intrcoinected array. 45 can be processed in essentially a "roll -toroll" fashion. How-

lit one embodiment, tile interconnect structure is lanmnated ever, this is not necessarily the rase. Dimension "Y" call be
to the light incident snrtaco of a photovoltaic cell. If desired chosen according to the application and process envisioned.
tl cpra,,tcly prepared iiorooniectin structure allows the FIG. 2 is a sectional view taken substantially from the per-
photovoltaic function to be produced in bulk. Frthernmore, spective of lines 2-2 of FIG. 1. Thickness dimension Z-10 is
the jiction can be produced with a wide variety of photo- 50 normally small in comparison to dimensions Y-10 and X-10
voltaic materials including but not limited to, single crystal and thus article 10 has a sheetlike strocture. Article 10 is
silicon, pnlycaysialline silicon, nnirphous silicon, CIS, firther characterized by having regions of essentially solid
CIGS, caininot telluride, copper sulfide, semiconductor strnture combined with regions toving holes 12 extending

ks, polyme based sciiconductor inks etc. tlhrough the thickness Z-10. In the FIG. 1 embodiment, a
55 substantially solid region is generally defined by r width We,BRIEF D1SCRI1PTION OF fTE DRAWINGS representing a current collection region. The region with

tli-ough-holes (holey region) is generally defined by width
FIG. I is a top plan view of a structure forming a starting Wi, representing ait interconnection region. Imaginary line 11

articlo or an embodiment rf the invention. separates the two regions. The reason for these distinctions
tIG. 1A is a top plan view of another embodiment of a 60 and definitions will become clear in light of the following

starting article of tle invention teachings.
I IG 2 is a sectional view taken substaniially from te FIGS. IA and 2A is another embodiment of a sheetlike

perspective of lines 2 2 of FIG. 1. structure sitilnarto that embodied in FIGS. 1 mid 2 but absent
FIG 2A is a sectional view taken substantially from the the through holes present in the intercomiection region Wi of

perspective ol lines 2A-2A ofl-IG. IA. 5 the embodiment of FIGS. l and 2.
11G. 2B is a sectional view showing a possible strctu re of The instant invention will be taught using the structure

the article of bfiGS 1 and 2 in more detail. embodied in FIGS. I and 2. However, one skilled in the art
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will readily recognize application of the teachings to the "fingers" can comprise nmltiple layers of differing materials
structure crmbodied in FIGS. 1A and 2A and other equivalent chosen to support various functional attributes.
strucates when appropriate Continuing reference to FIGS. 4 and 5 also shows addi-

Refr ing now to I1G 2, arcle 10 has a first stace 20 cnd tional material 30 applied to the "holey" region Wi of article
second surce 22 The sectional view of article 10 shown in 5 24. As with the material comprising the "fingers" 26, the
FIG. 2 shows a single layer structure. this depiction is suit- material 30 applied to the "holey" region Wi is cither condu-
able for simplicity and clarity of presentation. Often, host tive ormatefial intended to promote subseiqoet deposifionof
ever, article 10 will be a lominte comprising multiple layers conductive material. In ti e embodiment of FIGS. 4 and 5, the
asi depicted to FI10 25. lathe £10.28 ebodientr, article 10 "holey" region takes the general form ofa "buss" 31 extend-

is seen to comprise nmltiple layers 14,16, 18, etc. The mul- t" ing in the Y-24 direction in communication with the indi-
tiple layens may comprise inorganic or organic components vidual fingers. However, as one will understand ti rough the
such as thermipistics, thermosets, or silicon containing subsequet teachings, the invention requires only that con-
glass-like layers. The various layers -se intended to supply ductive comnunication extend from the fingers to aregion Wi
functional attributes such as Onvircrreetal barrier protection intended to be electrically joined to the electrode of an adja-
or adhesive characteristics. Such Functiona layering is well sr coos cell Ihe "holey" region Wi thus does not require overall
known andwidely practiced in theplastr food packagingart electrical continuity inthe"Y"directionas is characteristicof
In particrler, in light of lhe teachings to follow, one will a "bs" depicted ie FIGS. 4 and 5.
recognize tha it may he odvantageous to have layer 14 form- Reference to FIG. 5 shows that the material 30 applied to
ing seer ice 20 comrise a selingmaterial such as an ethylene te"holey" intercotmection region Wiis shown as the same as
vinyl icerite (EVA) containing materral for adhesive charac- thiat applied to forn the fingers 26: However, these materials
tersics dring a possible subsequent larmination process, For 28 md 30 need not be identical It this embodiment raterial
exatple, the invention has been successflly demonstrated 30 applied to the "holey" regionextends tlrroughioles 12 and
using a standard laminating material sold by G0C Corp., onto the opposite second surface 22 of article 24. This is best
Northbrook, Ill., 60062. Additional layers 16, 18 etc may seen in FIG. 6, which is an exploded view of the portion of
comprise materialswhichassist in support orprocessing such 25 article 24 encircled by circle 6-6 ofFIG. . The extension of
as polypropylene and polyethylene terepthalate and barrier material 30 through the holes 12 can be readily accomplished
materials such as fluorinated polymers. as a result of the relatively small thickness (Z dimension) ofr dreiactsed as filoee dmes po S. sand2,tesl i rthe shetlike article. Techntiques include two sided printing of

Asdapicted is thre eohodiroenss ofFIGS. 1 ond 2, thesolid conductive inks, through hole deposition ofchetically (elce-
regions Welnd "holey" regions Wi of article 10 comprise the 30 troless) deposited metal, through hole deposition of conduc-
same neterial, This is not necessarily the case. For coatple, tive inks and conductive polymers, and through hole elec-
the "holey" ragions Wi of article 10 could comprise a fbeic, trodeposition.
woven or non-woven, joinedto an adjacent substantially solid FIG, 7 is a view similar to that of FIG. 5 following ate
region along imaginary line 11, However, the materials form- additional optional processing step. FIG. 8 is in exploded
ing the solid region should be relatively transparent or trans- 35 view ofshe portion ofFIG. 7 encircledthere as 8-8. Thearticle
lucent to visible light, as will be understood in light of the embodied so PIGS. 7 aed Sir designated by numeral 36to
teachings so fellow reflect this additional processing. It is seen in FIGS 7 and 8

FIG 3 depicts in embodiment wherein nmltiple widths that the additional processing has deposited highly conduc-
10-1, 10 2 etc of the general structure of FIGS. l and 2 are tire material 32 over rie originally free sufaces ofmaterials

joined together in a generally repetitive pl0ern in the width 40 28 and 30. Material 32 is normally metal-based such as cop-
direction As will becoose clear by the following teachings, per or nickel, tin etc. Ipical deposition techniques such as
such a su-anure may be adeantgeous in certain applications chemical orelectrocherical metal deposition can be used for
of piotovoltaic cell interconnection this additional optional process to produce the article 36. In a

IG, 4 is planview iofiheFI& I structurel0 following.. prelerred embodiment, electrodeposition is chosen fer its
additional processing step, and FIG. 0 is a sectional view 4s speed, rase, and cost effectiveness.
take along tin 5- of FiG. 4. Ic FIGS. 4 cad 5, tbe artiele is It is seen in FIGS. 7 and 8 that highly conductive material
now designated by the numeral 24 to reflect this additional 32 extends through holes to electrically join mod fort elec-
processing. Ia FIGS. 4 and 5, it is seen that a pattern of trically conductive surfaces on opposite sides of article 36.
"fingers" 26 bses been iormed by material 28 positioned in a Wile shown as a single layer in the FIG. 7 and FIGS. 8
pattern onto surface 20 of original article 10 "Fingers" 26 5 embodiment, die highly conductive materail cas comprise
ereid over the width We of the solid sheetlike structure 24. muliple layers to achieve functional value. In particular, a
l he"fingers"26extendtothe"holey"interconneetionregion layer of copper is often desirable for its high conductivity.
generally defned by Wi. Portions of the We region not over- Nickel is often desired for its adhesion characteristics, plate-
layed by "Fingers" 26 remoain transparent or translucent to ability and corrosion resistance. The exposed surfce 39 of
visiblelsght lie"fingers" aycompriseelectricallyconduce- 5 materal32 canbeselectedforcorrosionresistanceandbod-
tive omaterial -iamples of such materials are metal contain- ing ability. In particular, tin or tin containng alloys are a
ing inks, ptuterned deposited metals such as etched metal possible choice of material to tornr the exposed surface of
patterns, intensically conductive polymers and DER foru- material 32. 'fi and tin containing alloys melt at relatively
lations. The "fingers" may comprise materials intended to low temperatures, which may be desirable to promote olmsic
facilitate subsequent deposition of conductive material in the 60 joining to other components in subsequent processing soch as
pattern defined by the fingers. Ass example of such a material lamination.
would be ABS, which cat be catalyzed to initiate chemical The structures and articles such as those embodied in
"electrolcss" metal deposition. In a preferred embodiment, FIGS. 4 though are defied herein as horms of "intercon
sire "fingers" comprise material which will enhance or allow necting straps" or simply "straps".
subsequent meal eiiecrodeposition such as a DER. In tee 65 Refewing now to FIGS 9 and 10, there is embodied a thin
cmbadit a FIGS 4 aed 5, tho "fingers" are shown to be fin photovoltaic cell generally identified by the numeral 40.
a singl layer ror sirpeity of presentation. However, she Cell 40 has a light incident sop surface 59 and a bottom
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stoface 66 Cell 40 lies a width X-40 and length Y 40. Width 1. An individual strap, such as 36a, is combined with a cel
X-40 defines a first photovoltaic cell teminal edge 45 and such as 40a by positioning the free surfice 20 of solid
second photovoltaic cell terminal edge 46. Jir some cases, surfce region We of strap 36a in registration with the
particularly during initial cell manifacnure, dimension Y-40 light incident surface 59 of cell 40a. Adhesion joining
may be considerably greater than dimension X-40 such that 5 the two surfaces is accomplished by a suitable process. It
cell 40 can generally be described as "continuous" or being is envisioned that batch or continuous laminating pro-
able io be processed in a roll o-roll fasldon. However, tins cessing, such os that widely used in the food packaging
"continuous" characteristic is not a requirement ln the industry would be one suitabie method to accomplish
instant invention FIG. I0 shows that cell 40 comprises a thin this surface joining. In particular, the material foeting
file semiconductor structure 70 supported on metal-based the remaining free surface 20 of article 36a (that portion
foil 72. Foil 72 his a first surface 74, second surface 76, and of surface 20 not covered with conductive material 32)
thicktors Z-40 Metal -based foil 72 may be of soiforin cow- can be chosen to promote good adhesion between the
position or may comprise a lmninate of two or more metal- sheetlike article 36a and cell 40a during a sirface mii-
based layers. For exnaple, foil 72 may comprise a base layer noting process. Also, as mentioned above, the nature of
ol inexpensivemidprocassableamaterial 78withanadditional r5 the free srflce of conductive material 32 may be
orctril-based layer 81 disposed between base layer 78 and oaoiipulatedadchosento frberguaranteeotoiijoin-
semiconductor material 70. Ihe additional metal-based layer ing and adhesion. The laminating process brings the
ina be chosen to ensure good ohmia contact between the top conductive material of fingers 26 into firi and effective

sLirJace 74 of foil 72 mid semiconductor strocture 70. Botton contact with the transparent conductive material 86
suilice 76 of loil 72 may comprise a material 79 chosen to to forming surface 59 ofcel 40a.
achieve good electrical and mechanical joining characteris- 2. Subsequently or concurrently-with Step 1, the conduc-
tics as will become clear in the subsequent teachings. The tive material 32 extending overthe second surface 22 of
thiclcss Z-40 is alien chosen such that cell 40 remains strap 361 is ohmicly adhered to the bottom surface 66 of
flexible for roll-to-roll handling and to minimize weight, cell 

4
0a. This joining is accomplished by suitable elec-

However, the invention is not limited to flexible, lightweight 5 tricaljoiiniig teltiques such as soldering, riveting, spot
cells and the teichigs contained herein can be applied to welding or conductive adhesive application. The par-
rigid cells such as those comprising glass substrates or super- ticular olmic joining tecliique is not shown in the FIG.
sirates or those coeiprisiog single crystal silicon cells. 13. However, a pinicularly suitable conductive adhesive

is one based ona carbon black filler in a polymer matrix.hesiandacuor srrucisilre 70 canl he any of ilie photosolteic i0 Stich adhesive formullations are relaively inexnpensuve.
strucires loiwn in tie art. Included are cells comprising Despie dhie fact ibat carbon black foralatins heve

single crystal silicon, polycrystalline silicon, thin film cells
stuci is those coinpristing DS, CIS, GIGS andCdTe, and cells relatively high intrinsic resistivities (of the order I oltma
suhahcompr l sd us>emiScIndcs. In its lelst cm.), the bonding in tis embodiment is accomplishedcormpisai polymer aosed aemidcnndaictors. Iin its simplest through a relatively thin adhesive layer and over a broadform, a photovolititc cell comis~ies Ott it-typo senmicotndttctor is surtoce. T has the resultitig resistance losses tire roea-
with a p-type semi conlductor to form an n-p junction. Most 35 uic.T sterslinrssaceossaerl-

n t lively limited. Strap 36b extends over the light incident
often an optically transparent window electrode, identified as surface ofcell 40.
86 in FIG. 0, such as a thin film of zinc or tin oxide is fIG. 13 embodier three cels assembled a series arsonge-

employed to minimize resistive losses involved in current teni usitg lie teachings of the itisian inventios It F-IG. 13,
collection. FIG. 11 illastrater on eoanspe of a typical photo- an "," indicated the direction ofnt current flow. It is noted that
voltaic cell structure in section In the figures, an arrow tbe arrangement of FIG. 13 resembles a shingling rmnge-
labeled 'hv" is used to indicate the light incident side of the ment of cells, but with an iniportant distinction. The prior art
stiricture In FIG 11. 80 represents a thin film of a p type sinling orrangeienis have itcluded an overlappiig ofcells
semiconductor. 82 a thin film of n-type semiconductor and 84 at a rarifice of pordonr of ver valiblr coil surface le ibe
the resulting photovoltaic junction. Window electrode 86 as I i 13 teaohing, ire benefis of the sbingling ntercen
completes the typical photovoltaic structure. ion concept are achieved without my loss ofphotovohaic

FIG 12 presents one method of sanifhctare of a foil surface from slhading by sun overlapping cell. In addition, the
supportedphotovoltaic structute suchas embodied in FIS 9 FIG 13 arragement retains a high degree of flexibility
and 10. The tinal based toil 72 is moved in the direction ofits because there is no immediate overlap ofthe metal foil strut-
length Y thiougl a deposition process, generally indicated by 50 ire.
nisnieral 90 Process 90 accomplishes deposition of the active
photovoltaic structure otto foil 72 Foil 72 is unwound from EXAMPLE-
supply roll 92, passed through deposition process 90 and
rwound ointo takup roll 94 Process 90 can comprise any of A standard plastic laninating sheet rom GC Corp. was
the processes well-known i the art for depositing thin fill" 5i coaled with DER in the pattern of repetitive fingers joined
phoitovoltaic structures These processes inclde clectroplat- along one end with a busslike stucture resulting in an article

rig. vacuum sputtering, and chemical deposition. Process 90 as embodied in FIGS 4 through 6. The fingers were 0.020
ity also include treatments, such as heat treatments or slit- inch wide, 1.625 inch long and were repetitively separated by
ting, intended to enhance performance or manrufacturing abil- 0.150 inch. The buss-like stnlcture which contacted the fin-
ity. 60 gers extended in a direction perpendicular to the fingers as

Oen method of combiuning the intercomect "streps" shown in FIG. 4. The buss like structure structure had a width
embodied in FlGS. 4-6 asd optionally in FIGS. 7 and 8 with Wi of 0.25 inch. Both the finger pattern ared buss-like struc-
(he phosovoltaic cells embodied in FIGS. 9 and 10 is illus- tnrewereprintedsimultarously usingthesameDFRinkand
irated in FIG 13. In the FIG 13 structure, individual straps using silk screen printing. The DER printing pattern was3

6a, 36b, 
3 6

c, ire conined with cells 40a, 40b, 40c to form 65 applied to the laminating sheet surface formed by the scaling
a series intercounected aa-y This may be accomplished via layer (i.e. that suoface facing to the inside of the standard
the ollowng process roding pooch).
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The finer/buss pattern thus produced on the lamitation 2. Tte device of clain I wherein said electrical cotlnni-
sheet was then electroplated with nickel in a standard Watts cation between said additional conductive material and said
nickel bath at a crrent density of 50 wnps. per sq. ft Approxi- pattern is established using holes extending through said sub-
tmately4 iticrometers ofnickel thichess was depositedto the strate from said first surface to said second surface, and
overall pattern. 5 wherein electrically conductive material extends tinough said

Aphotovoltotc cell having stface diosensionsof 1.75 inch holes to electrically cotwect conductive material positioned
wide by 2.0625 inch long was used. This cell was a CIGS on said first and second surfaces of said substrate.
semiconductor type deposited on a 0.001 inch stainless steel 3. Thbe device of claim 2 wherein said substrate comprises
substrate A section of the laminating sheet containing the an electrically insulating layer of matenal, and wherein said
electroplated buss/finger pattern was then applied to the top, 0t holes extend throtgh said insulating layer
light incident side of lie cell, with the electroplated grid 4. The device of claim 1 further comprising a second pho-
finger extending in the i idth direction (1.75 ich dimension tovoltaic cell, said second cell having an electrically conduc-
) fthe cell. Care was taken to ensure that the buss or inter- line bottom suratce portion facingaway from a light incident
Conoect regioi, Wi, of the electroplated laminate did not top cell surface, said second cell being positioned such that
overlap the cell surface. This resulted in a total cell surface of it said conductive bottom surface portion of said second cell
3,6 sq inch. (2 0625"xil .75") with about 12%d, shading from overlps said intercomection region so said additional elec-
the grid, (i.e about 88% open area for the cell). trically conductive material positioned over said second sur-

The electroplated "finger/bsss" on tite lasination filit was face witiin said interconnection regios contacts said bottont
applied to the photovoltaic cell using a standard Xerox office conductive surface portion.
lainator The resulting completed cell showed good appear- 20 5. The device of claim 4 wherein there is substanially no
ance and connection overlap between said first md second photovoltaic cells.

The cell prepared as above was tested in direct sunlight for 6 fhe device ofclim 4 wherein both said first and second
photovoltaic response. Tasting was done at noon, Morgan cells have terminal edges defined by the extent of said semi-
Ililt. Calif. on April 8 in hll sunlight. -the cell recorded an conductor material, said cells being interconnected in series,
open Circit voltage of 052 Volts. Also recorded was a "short 25 and wherein tere is no substantial separation, in a direction
circit" current of .65 ANtop This indicates excellent power parallel to said light incident surfaces of said cells, between
collection from the cell at high efficiency of collection, adjacent teasonal edges ofsaid first and second cells required

Although the present invention has been described in con- to aclieve said series interconnection.
junction with preferred embodiments, it is to be understood 7. The device of-cl-im 4 wherein both said first and second
that modifications, alternatives and equisalents may be 30 Cells have ternsinal edges defined by she extent of said seno-
included without departing from the spirit and scope of the conductorimateial, said firstond secondells being ittereox-
itventions, as those skilled in the art will readily understand. cond i teri, said is ab odce ing intercon-
Such modifications, alternatives and equivalents are consid- nctend in series, sriddevice is eapoblef oarieying said seriesaced t0 be wititin Ite puttview rod scope of the asventioss ttnd cococensian withous reqliiring either overlapping of said cells

Sor substantial separation of adjacent terminal edges of saidappended claims, 35 cells in a direction parallel to said light incident surftces.
What is claimed is: 8. The device ofclimt 4 wherein said electrically condc-
I. A device comprising a fitst photovoltaic cell and an tive botont surface portion of said second cell comprises a

additionail interconnection structure, wherein, metal foil
said photovoltaic cell comprises a cell body, said body 40 9. The device of claim 8 wherein said metal foil comprises

Comprising semiconductor material a light incident top a laminate of mutiple layers.
cell serface formed by a transparent or translucent coi- 10. The device of claim 8 wherein said metal foil is self
dctive material; srpporting.

said additional interconcertion structcre comprises a shee- 11. The device of claim 10 wherein said metal fil cow-
tlike subsrate, having overlapping first and second sub- 45 prises staioless steel.
strae surces, said first substrate surface facing in a 12. The device ofelain I wherein said sheetlike substrate
direction opposite and away fioti said second substrate colprises a silicon contaitning layer.
sl-ic cc13. Ibe device of claim 1 wherein said pattern comprises

said inlerconnection structure further comprising a collec- an electrically consductive polymer.
lion region and an interconnection region; 50 14. The device of claim 1 wherein said pattern comprises

said subsirte coniprsing said collection region is trans- polymeric material characterized as being able to facilitate
parent or translucent ad loas a patten comprising elec- deposition of mesal,
trically conductive material positioned over on said first 15. The device of claim 1 wherein said pattern comprisesa
substrate surlce, directly electroplaseable resin (DER).

said intericoneclion region comprises additional lectri- 16. The denie of clatm 1 wherein said pattrn comprises
cally Conduclive material positioned over portions of i6 he devio
said second substrate surface, said additional clectri- elerodeposis
cally conductive material being in electrical cononuns- 17. The device of claim 16, wherein said electrodeposit
ation with said pattern through ato electrical poth not comprises copper

traversing said seniconductor material; and, 0 18, The device of claio I wherein a portion of said elec-
wherein said device comprises a combination of-said pho- trically conductive material of the pattern and a portion of

tvollaic cell and said interconnection structure such said additional conductive material of the interconnection
that said list substrate sArlace or said collection region region constitute a monolithic slrcture,
and said light incident top cell surface face toward each 19. The device af claim 1 wherein said sbsIrat comrises
other so that physical cleact is made between the said 6s polymeric material.
pattern on the first substrate suri-ce and the said light 20 The device of claim 19 wherein said substrate com-
incident surface prises multiple polymeric layers.
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21. ti device of claim 1 wherein at least a portion of said said conductive bottom snrface facing away from said
first sibstrae surlace comprising a material with adhesive light incident surface, said cell farther comprising ter-
characteristic relative to said light incident surface. minal edges defined by bomdaries of said semiconduc-

22. The device of claim 21 wherein said material with tortnoterial;
adhesive characteristic comprising a laminating adhesive. I said additional intercomection structure comprising,

23 The device of claim I wherein said pattern comprises a sheetlike substrate, said subsratehaving overlappinga
multiple substantially parallel fingers extending in a first first and second substrate surfaces, said first surface
direction. lacing in a direction opp

6
site and away from said

24. The device of clain 23 wherein said fingers are sub- second surface;
sta iially reclangular in their cross section 10 said interconnection structure further comprising multiple

25 The device of claio 23 wherein said additional electri- sirictural portions, a first of said portions is trmsparent
cilly conductive material positioned over said second sub- or traaislucent and has a first pattern comprising electri-
strate suriace extends, in a direction substantially perpendico cally conductlive material positioned on said first sur-
lar to said first direction spaming multiple said fingers, face, and a second of said portions has a second pattern

26. The device of claim 1 wherein either o said patiern or 1 comprising electrically conductive material positioned
said additional electrically conductive uiateial comprises on said second surface, wherein said first and second
printed iaterial patterns are ii electrical conianunication;

27 The device of claim, 26 wherein said printed tiaterial said first structural portion overlaying said light incident
comprises a houogencos mixture of conductive particles in surface ofa first of said cells such that said first substrate
a polymiter rnix 210 Surface of said first portion amid said ligh incident snr-

28 The dovice of claiii 26 wherein said printed material face face each other and said first patern contacts said
comprises silver or carbon black light incident surface;

29. The device of laim I wherein either of said pattern or said second patter and said conductive bottom surface of
said additional electrically conductive material comprises a second ol said cells facing each other such that said
metal with iiting point at or below he inelting point of tin. 25 second pattern is it contact with said bottonm conductivesurface of said second eel!I.

30 A device comprising multiple photovoltaic cells and an 31 The dsuf ce of cladm 3 wherein ad first and second
additiornal interconnection structure to achiieve a series into, 1.Tedvcer-li 0weensadfrtadscnitiio bteomitct nit saridmotovaeoeaic ces tiern patterns comprise a monolithic material forminig porions of
cM w ti ho b wnc toe of tail phovoltaic nells whereo, both said first and second patterns.

said two phtooveotac cells each haveacell body, saidhbody 0 32. The device of claim 30 further comprising said second
comprising a light inciden top surface farned by a strctnral portion at least partially positioned Outside a
transparent or translucen comidctive material and fur- boundary terminal edge of first cell.
ther comprising sensiconductornmaterial overlaying cot-
ductive material forming a conductive bottom surface,
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SUBST RAI LAND COLLECTOR GRID them in series. Thus, voltage is stepped through each cell
STRUCTURES FOR INTEGRATED while current ad associated resistive losses err minimized.

PHOTOVOLTAIC ARRAYS AND PROCESS OF It is readily recognized that making effective, durable
MANUFACTURE OF SUCH ARRAYS series connections among multiple small cells can be labori-

5 ons, difficult and expensive. In order to approach economical
CROSS REFERENCL 10 RELATED mass production of series cornected arrays of individual

APPLICATIONS cells, a number of factors must be considered in addition to
the type of photovoltaic materials chosen. These include the

Ihis application is a Continuation-in-Part of U.S. patent substrate employed and the process envisioned. Since thinapp yliion Se, No 10/776,480 filed Feb. 11, 2004, now r0 films ca be deposited over expansive areas, thin film tech-

abaidoned enitied Methods and Structures for the Contin- nologies offer additional opportunities formass production of
ous Production of Metallized or Electricallyf-eated Articles, intercomected arrays compared to inherently small, discretewhich is a ContinuationtindPart of U.S. patent application single crystal silicon cells. Thus a number of U.S. Patents

Ser No. 10/682,093 filed Oct. 8, 2003 entitled Substrate and have issued proposing designs and processes to achieve series
Collector Grid Structures for Integrated Series Comected 15 intercomiections among the thin film photovoltaic cells.
Photovoltaic Arrays and Process of Manutacture of Such Many of thesetecloslogies comprise deposition of photovol-
Arrays, which is a Continaticor-t-Par of U.S. patent appli- tarc thin filts onglass substrates followed by scribingto form
cation Se No 10/186,546 filed Jul. 1, 2002, entitled Sub- smaller area individual cells. Multiple steps thei follow to
strate and Collector Grid Structures for Integrated Series electrically connect the individual cells in series array.
Connected Photovoltaic Arrays iad Process of Martofacture t0 Pxamples of these proposed processes are presented in US.
ofSuchArrays, andnowabandoned, whichis aContinuation- Pat. Nos. 4,443,651, 4,724,011, and 4,769,086 to Swartz,
in Port or U.S paent application Ser No. 09/528,086, filed flooer c ah and ia er et a respectively. Wldtle expanding
Mar 17, 2000, entitled Substrae and Collector Grid Stinc- the opporruities Ice mass production of tetercotected cell
lures for Integrated Series Corrected Photovoltaic Arrays arrays conspared with single crystal silicon approaches, glass
rod Process of Mavl, store of Sech Arrays, and vow US. as substrates must inherently be processed on an individual
Pat No 6,414,235, which is a Conlinoation-in-Part of U S.
patent application Ser No 09/281.656, filed Mar. 30, 1999, More recently, developers have explored depositing wide
entitled Shstrate ard Coltector Grid Structures for Eleiri- area films using continuous roll-to-roll processing. This tech-
cally Intcrcronncctng Phtrvoltaic Arrays aad Process of nology generally involves depositing thin films of photovol-MaoufIntore of Soch Arrays, mad cOW U Sn P et. No. 6,2 30 taic material onto a continuosly moving web. However, a
352. The entire cort-nts of the above identified applications crallenge still remaics regarding sobdividiog tIre exponsioe
aro icorporatcd teren by this reference, filis irto individual cells followed by interconnecting into a

series conected army. For cxampile, U.S Pat. No. 4.965,655
DACRGROUND OP SlE INVENTION to Griner et. al and U.S. Pat. No 4,697,041 to Okamiwa3 teach processes requiring expensive laser scribing ad inter-

connections achieved with laser heat staking. In addition,Photovolaic cells have developed according to two distinct these two re Ihrences teach a substrte of thin varrmn depos-
methods. The initial operational cells employed a matrix of ited metal on films of relatively expensive polymers. The
single cry stal salrcon appeopriately doped to produce a planar electrical resistance of thin vacuum metallized layers signifi-
p-n jouction An intrinsic electric field established at the p-n ao caotly limits the active area of the individual interconected
unction produces a voltage by directing solar photon p- cells.duced holesand free electrons in opposite directions. Despite It has become well known in the art that the efficiencies of

good conversion efficiencies and long-terot reliabilisy, wide- certain promising thin film photovoltaic junctions can be
spread energy collection asing single-crystal silicon cells is substantially increased by high temperature treatments.
thared by thc esceptionally lgh -t of stngle crystal silt- 5 I rase treatments involve temperatures at which even the
co rmralial aid interconection processing. most reat resistant plastics srrffer rapid deterioration, thereby

A second approach to prodrice photovoltaic cells is by requiring either ceramic, glass, or metal substrates to support
depositing thin pltovolaic semiconductor films on a sup- tIhe tlrin film junctions. Use of a glass or ceramic substrates
porttig substrate M, teriol requirements are minitized and generally restricts one to batch processing mad handling dif-technologies can be proposed for mass production. The thin 50 ficulty. Use of a metal foil as a substrate allows continuous
film structures can be designed according to doped homo- roll-to-rollprocessing. However, despite the fact that use ofa
junction technology such as that involving silicon fils, or metal foil allows high temperature processing in roll-to-roll
can employ lreerojunctio approaches such as those using fashion, the subsequet interconnection of individual cells
Cd'le or calcopyrite toaterialn Despite significant improve- ellectively in an intercotected array has proven difficult, in
otents in individual cell conversion efficiencies fer both 55 part because the metal foil substrate is electrically conduct-
single crystal and thin film approaches, phatovotaic energy ing.
collection has been generally restricted to applications having U.S Pat. No. 4,746,618 to Nath et al. teaches a design and
low power requirements. One factor impeding development process to rcloeve intercotected arrays using roll-to-roll
of bhlk power systenms is the problem of economically col- processing of a metal web substrite such as staitless steel.
lccting the energy froma n extensive collection sulace Plto- 6o Treprocess inclides muliple operations ofcatfing, selective
tovoltaic ceils can be described as high crrent, low voltage deposition, and riveting. These operations add considerably
devices lypically individual cell voltoge is less than one volt to the final interconnected array cost
Tihe current component is a substantial characteristic of the U.S Pat. No. 5,385,848 to Grinaer teaches roll-to-roll
power gencrated. Elficient energy collection from an expan- methods to achieve integrated series connections of adjacent
sive statrcc must minimize resistive losses associated with 65 thin film photovoltaic cells supported on an electrically coo-
the high cirret chacrteristic. A way to minirize resistive ductive metal substrate. Tlse process includes mechanical or
losses is to recduce the size of individual cells and coonect chemical etch removal of a potion of the photovotaic semi-


